Objective: To estimate and rank the relative severity of self-reported diseases and symptoms in Denmark.
Introduction
For the purposes of prioritizing and planning of health care resources, it is important to obtain information on the degree to which each single disease constitutes a bur-den. The societal burden of a disease is a combination of its prevalence, duration and severity. The purpose of this study is to estimate and rank severities for the most prevalent self-reported diseases and symptoms in Denmark based on individual self-administrated SF-36 healthrelated quality of life profiles.
Based on a review of more than a thousand studies worldwide using the SF-36 questionnaire, Ware [1] concluded that the SF-36 is useful for descriptive purposes such as documenting differences between diseased patients and ones with good health levels, and for estimating the relative burden of different medical conditions. In this study we will estimate the relative severity of diseases and symptoms based on the scores that individuals suffering from these self-reported diseases and symptoms obtained on the single dimensions of the SF-36 and on all dimensions combined. We will examine how the SF-36 scores vary by age, sex, socio-economic status (SES), and will rank symptoms and disease groups according to their relative severity.
Data and methods
The data used in this study are from the 1994 Danish Health and Morbidity Survey of the National Institute of Public Health in Denmark [2] . The total sample of 6,787 adults older than 16 years of age comprised a representative national sample of 4,668 people, plus data on 2,119 people from two Danish counties collected in the same year. The sampling was based on only two criteria: being a Danish citizen aged 16 years or more and being noninstitutionalized. Data were collected through a 45-minute interview and a self-administered questionnaire to be mailed back within two weeks. The inclusion of the additional 2,119 people increased the statistical power to the estimated SF-36 weights. The two counties' samples have the same age and sex pattern as the rest of the surveyed population and do not have any special health characteristics different from the rest of the country.
The specific SF-36 questionnaire was part of the selfadministered questionnaire. SF-36 contains 36 items which cover eight dimensions of health-related quality of life: bodily pain (BP), general health (GH), mental health (MH), physical functioning (PF), role emotional limitations due to health (RE), role physical limitations due to health (RP), social functioning (SF), and vitality (VI). Each of the scales gives a score between 0 (worst) and 100 (best). It is possible to calculate the SF-36 scale value for an individual response if at least half of the items in each SF-36 scale are answered. An analysis by Bjørner and colleagues [3] of the same national survey found that the percentage of the Danish population for whom it is possible to calculate the SF-36 dimension scores varies from 93% (general health scale) to 100% (social function scale). The only dimension for which calculating a score was a problem was general health among respondents older than 66 years of age, where it was possible to calculate the scale value for only 79% of the incoming responses. Other studies on the same national sample [4, 6] have more details on tests of data quality, scaling assumptions, reliability and validation of the translation of the Danish SF-36.
The 1994 survey also contains a broad range of information about health status, diseases, symptoms, and background information such as age, sex, residence, education, profession, and ethnicity.
Education was defined as a combination of school and vocational training based on the International Standard Classification of Education (ISCED). According to their level of education respondents were placed in three groups: individuals in the low level of education group had less than 10 years of education; those in the middle group had 10-12 years of education; and in the high one individuals had more than 13 years of education.
Income was defined as personal income before tax (DKK/ year): low income ranges from 0-99,000; middle income -from 100,000-199,000, and high income -from 200,000 and above.
Information on long-standing diseases originated from an open-ended question "Do you suffer from any longstanding illness, long-standing after-effect from injury, any disability or other long-standing (6+ months) condition?" An affirmative answer led to questions about the specific nature of the illness, including where in the body the illness was located, about how long it had been there, whether a medical doctor had diagnosed it, and whether the illness gave much or little limitation in work and daily life. Answers to questions were coded into 14 main groups according to a modified version of the World Health Organization's International Classification of Diseases (ICD-8): infectious/parasitic diseases, malignant neoplasm, diseases of the endocrine system, blood diseases, psychiatric disorders, diseases of the nervous system, cardiovascular diseases, respiratory diseases, digestive diseases, genitourinary diseases, skin diseases, musculoskeletal diseases, injuries, and other diseases. SF-36 scores were not calculated for disease prevalence lower than 1%.
The survey listed 14 different symptoms and asked the participants if they had experienced these in the two weeks prior to the survey point. The symptoms were: shoulder/neck pain, back pain, arm/leg pain, headache, palpitations, worrying, sleeping problems, melancholy/ depression, fatigue, stomach ache, constipation, eczema, cold/rhinitis/coughing, and breathing difficulties.
In the interest of knowing the upper end-point of average SF-36 dimension scores, we defined a subsample of persons who reported having no diseases currently or previously, no long-standing diseases, and no symptoms, pain or complaints.
The statistical methods involved first, applying the original SF-36 scale score algorithm, which from polytomous response categories ranging from 2 to 6 response choices per item, yields a 8-dimensional profile, with each scale having a range from 0 to 100 (100 = optimal) [3, 7] . Second, we tabulated the distribution of the eight specific SF-36 dimension scores for respondents reporting different diseases and symptoms, according to sex, income and education, and adjusted for age differences.
The estimation of the relative severity of diseases and symptoms was based on the scores that individuals suffering from the self-reported diseases and symptoms obtained on both the eight single dimensions and on a combined total score, calculated as a simple average of all eight sub-scales.
We used logistic regression analysis to control for the influence of sex, age and SES on the SF-36 combined score after having tested for interaction between these factors and diseases on the SF-36 score. We entered all variables as dummies. The SF-36 combined scale score was dichotomised to over and under 80. The cut-off point at 80 was arbitrarily set on the basis of the distribution of the SF-36 combined scale score for the entire sample (mean females: 80.1, males: 84.7, all: 82.1). From the combined score we ranked the age-adjusted relative severity of diseases separated by sex and educational groups (using the International Standard Classification of Education (ISCED) where low is less than 10 years of education and high is more than 10 years of education).
Results
The overall response rate to the interviews in the 1994 Danish Health and Morbidity Survey was 79% and to the self-administered SF-36 questionnaire, 64% (N = 5,472). Characteristics of the study population appear in the first column of Table 1 . The study includes nearly equal numbers of males (48%) and females (52%). More males and females from the study population are in the higher educational group. More males from the survey are in the highest income group, whereas more females are in the mid income group.
The nonrespondents have been characterized with respect to gender, age, region, county, and marital status. The odds for nonresponse in the survey increased by age and the increase was gender-specific. For individuals between 15 and 59 years of age, the odds for participation were lower for men than for women. Among people older than 59 years, the odds for non-participation were higher for widowed, divorced, and unmarried people than for married people. Finally, the odds for non-participation increased with urbanization [2, 8] . Table 1 shows SF-36 dimension scores and the combined score across the different basic population characteristics of the sample. The age-adjusted SF-36 combined score across the eight dimensions for the entire sample is 82.1, with females and elderly people having lower scores (worse health) than males and younger age groups on all dimensions. The scores on the physical functioning (PF) and role physical (RP) dimensions are lower for the representatives of the 45-64 age group, and together with the scores on the general health (GH) and role emotional (RE) dimensions, they are the lowest for individuals older than 65 years. The respondents with the highest combined scores in the sample, i.e. the healthiest people, are those with no diseases currently or previously, no longstanding diseases, no symptoms, pain or complaints reported. Both males and females reported the highest combined score (97.6) for social functioning (SF). The lowest score in the healthiest group, 79.6, is for females on the vitality index (VI). Individuals with lower SES have lower SF-36 scores on all dimensions compared to others. This is seen both with regard to education ( Figure 1 ) and income ( Figure 2 ). Table 3 shows the total prevalence by sex of 14 different symptoms reported as apparent in the two weeks prior to the survey. Females reported more symptoms than males did for all symptoms in the list. The most commonly reported symptoms for both sexes are pain or discomfort in shoulder and/or neck and back pain. The largest gender difference in symptom prevalence is observed for headache, worrying, depression and general unhappiness, and sleeping problems. All in all, women reported more symptoms than men did, and they also had lower SF-36 scores for all 14 symptoms.
For both sexes, the two most severe reported symptoms according to age-adjusted SF-36 combined score are melancholy/depression (males: 65.0, females: 62.3) and breathing difficulties (males: 66.5, females: 64.4). For the commonly reported symptoms back pain and shoulder/ neck pain, the average rankings are at numbers 11 and 13 respectively for males and at 9 and 12 for females. Younger people reported primarily the mildest symptoms: headache, shoulder/neck pain, colds/rhinitis/ coughing, and fatigue (not in Table) . Elderly people reported greater health problems such as breathing difficulties, palpitations, constipation, sleeping problems, and pain in arms/legs (not in Table) . The relationship between prevalence and consequences of symptoms seems in general to be inverse, i.e. the more prevalent the symptom, the less severe the reported consequences. Figure 3 shows the self-reported diseases by sex. The prevalence is highest for musculoskeletal diseases (males: 10.2%, females: 14.4%), cardiovascular diseases (males: 4.6%, females: 4.7%), and respiratory diseases (males: 4.6%, females: 4.7%). With the exception of injuries and blood diseases, females reported more of all diseases than males did. Table 4 presents the results of the logistic regression analysis relating sex, age, education, and diseases to the SF-36 combined scores. Model 1 shows that sex, age, and education are significantly related to the SF-36 combined score. Higher educational groups have a higher SF-36 combined score. Model 2 demonstrates a statistically significant relationship between all diseases, except skin diseases, to lower SF-36 scores, with the largest effect for psychiatric disorders. On the SF-36 combined score, we found no interaction between sex and diseases, while there was interaction between age and respiratory diseases and skin diseases. Model 3 estimates the full model containing both education and diseases and the interaction between them on the SF-36 combined score. We observed interaction between education and both respiratory and musculoskeletal diseases in relation to the SF-36 combined score. Only these two diseases are shown in model 3. No interaction was established between income levels and any of the investigated disease groups in relation to SF-36 (not in Table) . Tables 5 and 6 show the prevalence and severity of diseases for males and females. Due to the interaction between education and some diseases on the SF-36 combined score, which is found in the logistic regression, the tables are stratified by education. Males with relatively low education reported more of nearly all diseases than males with higher education did. 25.8% of females with less education and 14.1% of females with higher education claimed that they suffered from musculoskeletal diseases. At the same time, 21.2% of males with less education and 11.8% with higher education reported suffering from these diseases. Cardiovascular diseases were the second most reported disease group for both sexes, but with a threefold difference in frequency between low educated females and those with higher education (low: 12.6%, high: 3.6%). Respiratory diseases were the third most reported disease group, also more frequently reported by individuals with low education. Females reported more of all diseases than males did, except for injuries among respondents with higher education.
Age-adjusted SF-36 Dimension Scores (100 = Optimal) According to Income Level As for the ranking of the SF-36 combined score of all dimensions, psychiatric disorders ranked number one for both males and females with higher education (Tables 5  and 6 ). Among individuals with lower education, the most severe reported conditions were respiratory diseases for females and psychiatric disorders for males. The overall combined score for psychiatric disorders was lower for males (worse health) than for females. The score for males with low education on the SF-36 combined score was extremely low (50.1), and it was even lower on the general health dimension (20.6) and the vitality index (36.6). For all other reported diseases female scores were substantially lower than male scores. The most frequently reported disease group, musculoskeletal diseases, was ranked with a higher relative severity by males and females with high levels of education. Females with low education had very low scores on the role physical (44.5) and bodily pain (50.8) dimensions.
Discussion
We have used the original eight dimension scales in the SF-36, as well as an average of all dimensions combined, to rank diseases and symptoms. A recent study [9] measured the relative severity of seven chronic diseases in eight countries (Denmark, France, Germany, Italy, Japan, the Netherlands, Norway, and USA). By using multivariate
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Prevalence of Self-reported Diseases for Males and Females. linear regression on the two standard SF-36 summary measures for mental health (consisting of VT, SF, RE, MH dimension scales) and physical health (PF, RP, BP, GH dimension scales), it was found that hypertension, allergies, and arthritis were the most frequently reported conditions, while arthritis, chronic lung disease, and congestive heart failure were the most severe ones. Also Sprangers and colleagues [10] used the standard SF-36 summary measures for mental and physical health to estimate the relative severity of chronic diseases. They established that patients who were older, female, with low education, who lived alone and had at least one co-morbid condition, in general reported the poorest level of quality of life as measured by the SF-36. Differences in background variables and disease groups make comparability across populations difficult, even with a standardized questionnaire like the SF-36. In addition, there is a likely difference in reporting behaviour and health norms across populations and groups. However, the results seem in general to be in concordance with our findings.
Considerable evidence suggests response shifts from selfreported health data both across countries and within countries across age, sex, and socio-economic groups [11] . Different new strategies have been identified for adjusting for known biases and enhancing the cross-population comparability [12] , which would be attractive to apply to SF-36 self-reported data in future studies.
In our study, besides looking at long-standing diseases, we included a list of symptoms. We found that the most frequently reported symptoms were shoulder, neck, back, arm, leg problems, and headache. These symptoms are probably mostly related to musculoskeletal problems. When comparing musculoskeletal diseases with reported shoulder, neck and back problems, diseases proved to be more severe than symptoms, which was reflected in lower SF-36 combined scores. Psychiatric disorders were ranked relatively high with regards to severity of diseases but had a relatively low self-reported frequency (1-1.5%). On the other hand, melancholy/depression, the most severe symptom for both sexes, had a moderately high frequency of reporting (3-7%). It is important to be aware of these relationships for the planning of resource allocation in preventive, curative, and rehabilitative health services.
Since consequences here are measured on a continuous scale, from 0 to 100 (from worst health or most consequences to optimal health or fewest consequences), they would be relatively easy to use as necessary inputs in constructing summary measures of population health, like QALY, DALY, and HALE. A comparison of the selfreported SF-36 combined raw scores from the Danish survey (not stratified by sex, age, and SES) and the hypothetical expert-evaluated disability weights from 15 roughly comparable single conditions from the Global Burden of Disease Study [13] and from the Dutch Disability Weight Project [14] showed high Pearson correlation coefficients of 0.742 (p < 0.01) and 0.850 (p < 0.01) respectively.
Therefore, not only in our study the SF-36 indicates relatively high average scores on all scales. Even among persons reporting diseases, the average scale scores are usually high (50+), and for self-reported completely healthy persons we can rarely obtain over 90 in average scale scores. This is possibly due to a problem with the SF-36 scale's arbitrary scoring system.
We have observed large gender differences in our study according to severities of symptoms and diseases. Females reported more frequently and with higher severities all symptoms and most diseases than males did. This is an important finding because it shows that the higher selfreported female morbidity is not caused by an overreporting of milder causes only. It is likely, but only speculative based on our data, that it reflects the existence of real gender differences in health, not only a gender gap resulting from different perceptions or willingness to report illness. Research in gender differences in health has pointed towards the different social roles. For example, MacIntyre et al. [15] claim that the many societal changes during the last decades are likely to have produced differences in male and female health status. However, this appears to be not entirely correct considering for example Lindhardt's [16] investigation from Denmark in the 1950s, which showed almost the same gender gap in patterns of morbidity as we see today.
Socio-economic differences in the SF-36 combined scores were apparent when both income and education were used. The SF-36 combined score was much lower for less educated and low-income groups than for others with higher education and income, with the exception of the mental health domain. The SES gradient is also found for the same survey population in relation to self-reported long-standing illness and perceived general health [17] .
Our results show that a low educational level is associated with higher disease prevalence compared to higher educational levels, especially for reported cardiovascular, musculoskeletal and endocrine diseases, and for females, psychiatric disorders and respiratory diseases as well. Based on the logistic regression analysis we determined that reported respiratory and musculoskeletal diseases have interaction with education on the SF-36 combined score. This means that the SF-36 combined score for a given self-reported disease is dependent on the educational class to which people belong. This affects the ranking of diseases, so ranking should be separate for different educational groups. Burström and colleagues [18] utilized the five domains of EuroQol to obtain mean healthrelated quality of life weights from a survey of the Swedish population. They found a gradient of health-related quality of life by age, sex, and SES that is consistent with our results from Denmark using the SF-36. For most diseases females reported more problems in each of the domains of EuroQol, with the exception of self-care. Males with depression and asthma reported more problems in the EuroQol anxiety/depression domain than females did. Interaction between SES and diseases was not found in the study.
Interpretations of the results from studies that aim to measure health-related quality of life in specific patient groups are very dependent on the availability of similar measurements from reference groups, the so-called "normal" populations. It is important to know the occurrence of the different measures of quality of life in a normal population, as well as factors other than illness itself, e.g. treatment of diseases, that potentially influence the study population's quality of life. The present study could be used as a reference study of the Danish adult population.
Construct validity and differential item functioning in the SF-36 from the same Danish survey have been thoroughly analysed in other studies [3] [4] [5] [6] . The variation by age and sex showed that on all SF-36 dimensions males scored higher than females (better health). For dimensions that reflect physical health there was a tendency to lower scores by age (worse health). For scales reflecting mental health, there was no clear age pattern. The inventors of the SF-36 point out that the instrument is suitable for self-administration and has been administered successfully in general population surveys as well as to young and old adult patients with specific diseases [19] . However, a British study found systematic differences in health ratings for the SF-36 by mode of administration. Postal self-completed response ratings were systematically lower than interview-administrated ratings [20] . Some studies also express concerns about using the questionnaire for older people [21, 22] .
We could have chosen not to adjust self-reported diseases and symptoms for age differences, since it would standardize differences in severity that obviously are influenced by age. If we were interested in having a measure for the actual reported consequences of the diseases and symptoms from a need-based care perspective, it would be most logical to use the un-standardized scores. Older people would naturally have the highest disease burden because they suffer from more symptoms and diseases with age. However, since we are interested in being able to use results for international comparative studies of the individual burden with focus on the severity of diseases and symptoms regardless of individual age, we have used indirect age standardization.
In conclusion, using a combined score aggregated on the basis of the eight SF-36 dimensions seems to be a feasible way to rank diseases and symptoms to assess empirical population reporting of health status. Musculoskeletal symptoms and diseases are the most commonly reported, while psychiatric disorders and respiratory diseases are the most severe diseases reported. Sex, age, and SES affect the SF-36 score. However, certain reported diseases also interact with SES (education), which prevents estimating the severity as an unambiguous disease-specific SF-36 combined score. The difference in severity according to SES means that a single reported disease will appear more or less severe, i.e. there will be a change in its rank ordering depending on the SES. Our recommendation is, therefore, that severity estimates for diseases and symptoms be interpreted with caution or stratified for socio-economic groups.
